Isolation and characterization of the cytosolic and chloroplast forms of spinach leaf fructose diphosphate aldolase.
Two different isoenzymes of fructose-P2 aldolase can be resolved by chromatography of crude spinach leaf extracts on DEAE-cellulose columns. The acidic isoenzyme comprises about 85% of the total leaf aldolase activity. The two forms differ in primary structure as judged by their distinctive amino acid compositions, tryptic peptide patterns, and immunological properties. Only the acidic isoenzyme was detected in extracts of isolated chloroplasts, suggesting that this molecule represents the chloroplast form of spinach leaf aldolase while the basic isoenzyme is of cytosolic origin. The cytosolic (basic) isoenzyme and chicken aldolase A4 are similar in the following respects. 1) They have similar specific catalytic activity (10-15 units/mg); 2) they are both highly sensitive to inactivation by very limited digestion with bovine pancreatic carboxypeptidase A; 3) they both have subunit molecular weights of 40,000; 4) they both have derivatized (blocked) NH2-terminal structures; 5) they are both resistant to thermal denaturation at 50 degrees C; and 6) they both regain catalytic activity following reversible denaturation at pH 2.3 or in 5.8 M urea. Also, the cytosolic aldolase cross-reacted immunologically with the single aldolases present in spinach seeds and in wheat germ. Further, this isoenzyme readily "hybridized" with chicken aldolase A4 in vitro. These observations demonstrate the close homology between the cytosolic aldolases derived from plant and animal origins. The chloroplast aldolase had a specific catalytic activity of about 8 units/mg and, like its cytosolic counterpart, was severely inactivated by limited digestion with carboxypeptidase A. However, this isoenzyme was distinct from the cytosolic aldolase in the following characteristics: 1) its "small" subunit size (Mr congruent to 38,000); 2) its underivatized NH2-terminal structure; 3) its high sensitivity to thermal denaturation at 50 degrees C; and 4) its inability to refold into an enzymatically active conformation following denaturation at pH 2.3 or in 5.8 M urea. The distinctive properties of the chloroplast aldolase may be expected for an enzyme which is synthesized as a higher molecular weight precursor on cytosolic polysomes and is then proteolytically processed to the "mature" form during its migration into the chloroplast organelle.